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                          Abstract 
   The observation of aftershocks of Oga Earthquake, May 7, 1964 in Japan Sea 
 (139°001E, 40°20'N) was carried out for ten days at four temporary stations. Statistical 
properties of the aftershocks were compared with those in other cases studied hitherto. 
For the period of our observation, the distribution of time intervals between two 
successive shocks was apparrently different from that obtained by many authors, 
although the distribution for the whole aftershocks observed at Akita Local Meteorological 
Observatory was similar to usual cases in its functional form and the numerical value 
of parameter. It is proved, however, that this difference does not mean any speciality 
of the present activity but it is only due to the situation that our observation was limited 
in such a period that the aftershock activity became rather stationary. Magnitude 
distribution showed the usual character  for the aftershocks observed at our stations as 
well as those in Akita, in spite of the apparrent difference between the time distributions 
in the two cases. 
  Hypocenters of aftershocks were determined by various methods, i.e., P-time, S-P 
time and tripartite method, discussion on their accuracy being made. The distribu-
tion of hypocenters indicates that the main shock took place at an edge of aftershock 
area, as had been pointed out by  MATS  UZAWA  . The area of hypocentral region was found 
to follow the  SEKI-UTSU'S formula. Tripartie method was found to be useful for the 
additonal information for hypocenter determination, especially when observation points 
are forced to be located one sidely, as in the present.
 I Introduction 
   A strong earthquake occurred at Olh 58m 07.7 s GMT, off the west coast of Aomori 
prefecture, north  Ilonshfi, Japan. Its hypocenter and magnitude were reported by 
the Japan Meteorological Agency (J.M.A.) to be 
 Epicenter: 139°00'  0.1'E, 40°20'  ±  0.1'N 
 Depth:  0  km 
 Magnitude  :  M  =  6.9 
This was the biggest shock since the Oga earthquake had taken  place on May 1, 1939, 
with Magnitude 6.6. Four temporary stations were set up for the observation of 
aftershocks. The purposes of our observation were to look over whether or not the 
statistical properties of aftershocks were similar to those obtained in other cases and 
also to study the accuracy of determination of hypocenter in such a case where the 
distribution of stations was forced to be one sided because the aftershocks were located 
off the sea shore. Besides the usual observation, we set up two tripartite nets at two 
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places and made the special observation in night time in order to get independent in-
formations for hypocentral distribution. 
2 Observation stations and instruments used 
    Four temporary stations were installed at Fukaura, Aomori Prefecture and 
Hachimori, Kitaura, and Ogura, Akita Prefecture, of which the locations are seen in Fig. 
1. The observation was carried out for ten days from May 17 to 27. Instrumentation 
for continuous observation is shown in Table 1(a). Vertical component seismometers 
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Table  1 (a)
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Constants of instruments used for continuous observation
Fukaura
 natural freq. of  seismometer 
 component of seismometer 
 type of pre-amp.




     3* 
 z






natural freq. of galvanometer 
time mark 
recoding 
        * nominal value 
        Table 1 (b) Constants
   Kitaura 
7*(night) 
 5*(day-time) 
  12AX7 
    P-P
Tr. P-P
 0.5-50 cps 




    30* 




     0-7 
    30* 
 chronometer 
(4 mm/sec)
   Tr. P-P 
   0.5-50
    30* 
 X-tal clock
instruments used for tripartite observation
natural freq. of seismometer
component of seismometer
 type of amplifier
freq. responce of amp.
recording speed
Fukaura







Tr. z  P-P
0.5-50
7.6
        recording SONY FM magnetic tape recorder 
   timing  J. J. Y. 
               * nominal value 
of pick-up was amplified by transisterized amplifier and was recorded on smoked paper 
whose running speed was  4mm/sec. At Kitaura station, different seismometer at 
different place was used in day and night time. The seismometer at point A (see 
Fig. 1) was used in night, while that at point B in day time, because the noise at A was 
too high in daytime. Time mark was given by chronometer or crystal clock, both 
were calibrated at least three times a day. Time  accuracy was less than 0.2 second. 
   We tried to set the sensitivity as high as possible, because our observation 
started too late to expect many big aftershocks and also the hypocentral region was 
estimated to be rather distant from observation points. For example, the recording 
sensitivity at Fukaura was 5 10  mm/10-4 kine. However, the sensitivity at  Hachi-
mori was forced to be lower than those at other stations, because of the high noise level 
there. 
   Besides the continuous observation, two tripartite nets were set up at Kitaura and 
Fukaura, the size of nets being seen in Fig. 1. The seismometers used were also of
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vertical component and moving coil type. Seismic signal was amplified and recorded 
on a three channel FM magnetic tape recorder. Time mark  (J.  J.Y.) was recorded on 
a voice channel directly from SW receiver.  Playback was done with four channel 
pen-galvanometer having the natural frequency of 80 cps. The running speed of recording 
paper was 5 or 10 cm/sec and the time accuracy in this case was as high as  2/1000 second. 
The constants of these instruments are listed in Table  1 (b). The time of tripartite 
observation was exclusively in night, 20-04  h, during eight days of May 20-27. 
3 Time distribution for general activity 
   In order to see the general activity of aftershocks, we will use the data at Akita 
Local Meteorological Observatory, J.M.A., the nearest routine observatory located at 
120 km apart from the epicenter of main shock, because the period of our observation 
was too short for this purpose. List of aftershocks observed at Akita for the period of 
a month after the main shock is given in Table 2. Fig. 2 shows the time sequeunce of 
the aftershocks having larger double amplitudes than  5u in E-W component. The 
time distribution is well represented by the so-called modified  OMORI'S law, 
 n  (t)  d  t  =  d  t (1) 
where t is the time after main shock and  n  (t) the number of aftershocks between t and 
 t+dt, and k and  p are constants. The numerical values of k and p in the present case 
are determined to be 
                    = 1.34 ± 0.06,  log10 k = 1.70 0.05 
 OMORI (1894) found that the relation between number of aftershocks and time was 
expressed by the formula 
 n  (t)  d  t  =  k  (t  +  c)  d  t (2) 
   Recently  UTSU (1961) and  MOGI (1962) modified the  °MORI'S formula (2) and 
adopted the new representation as 
 n  (t)  d  t =  kl  (t  c)P  d  t (3) 
and 
 n  (t)  d  t  kltP  d  t (1) 
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2 List of main aftershocks observed at Akita Local 






































































































































































































































































            4 8 4 5.6 4.2  i 315  480 
          8 2 6 0.6 14.6  69 9 
            7 3  7.6  I 5.6 37 50
        3 9 4 5.0 14.4 7 
          4 2 3 .6  13.9 73 6
respectively. As is easily seen, there is no essential difference between the two formulas , 
and, therefore, we will adopt the expression (1) in this paper .  MOGI also studied the 
distribution of values of p in various regions and demonstrated that the value is rather 
higher in Japan Sea Coast region than in the Pacific Ocean region. The present 
value of 1.34 is not so much different from those by  MOGI for Japan  SearSoa_st region, 
although it is much smaller than the value of the previous Oga Earthquake ,  May  1, 
1939, which occurred closely to the present one. 
   On the other hand, TOMODA (1954) studied the distribution of time intervals 
between two successive shocks. He obtained the distribution function for aftershocks , 
as well as other small shocks. The formula is
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 n  (T)c/T---aT-gdT (4) 
where T is the time interval between two successive shocks, n(T) the number of in-
tervals between T and  T+dT, and a and  /3 are numerical constants. The relation 
between the two kinds of time distributions of (1) and (4) was discussed by SENSHU 
(1959), who showed that if Eq. (1) holds for a group of shocks, Eq. (4) can be  mathe-
matically deduced and the relation 
 p  =  2  —  (5) 
should exist between two exponents  p and p, even when the statistical fluctuation of 
occurence is taken into consideration. 
   Now the distribution of time intervals at Akita is seen in Fig. 4, which indicates 
that the Eq. (4) holds fairly well and the values of parameters are 
 p = 1.39 ± 0.04,  log10 a = 2.23 ± 0.04 
   Comparing the present values of  # and  p, it is seen that Eq. (5) is valid within the 
range of accuracy in our case, too. Consequently, it is concluded that the general 
activity of present aftershocks is quite usual without any significant difference from 
other aftershocks studied so far. 
4 Time distribution for a short period 
   Fig. 3 shows the daily frequency of aftershocks observed at our four stations, 
abscissa being the time after the occurrence of main shock. As is seen in this figure, 
the distributions at Kitaura and Fukaura are nearly the same. Although the numbers 
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sequences of aftershocks at these stations are similar in general to those at other stations . 
It is not surprising that these curves do not follow the  OMORI'S formula , (1), (2) or (3), 
but have a maximum on May 23 and 24. Our observation began on May 17 when most 
part of energy had already been released, as is seen in Fig. 2. In such a late stage of 
activity, it is quite usual that the daily number of aftershocks has this sort of fluctua -
tion. The discrepancy between Fig. 3 and Eq . (1), however, causes a significant 
change in the time interval distribution , as will be described below. 
   The time interval distributions at Akita, Fukaura and Ogura are given in 
Fig. 4(a) in doubly logarithmic scale. The plots in Fig . 4(a), except for that Akita 
corresponding to the general activity for a long time , do not obviously fit the straight 
line but have an upward concave curvature .  SENSHU (1959) proposed the idea that the 
modified  OMORI'S equation (1) implies the time dependence of mean value of time in-
tervals and he proved that the TOMODA'S equation (4) is mathematically deduced 
from Eq. (1), even when the statistical fluctuation is taken into consideration . 
   Since Eq. (1) does not hold in our case, it is naturally expected that the distribu-
tion of time intervals should take a different form from (4). The detailed discussion on 
this problem will be made in another paper, but we will briefly show here that our 
time interval distribution can be explained , at least qualitatively, by the difference of 
our time sequence (see Fig. 3) from Eq. (1) based on a similar idea to SENSHU'S. 
   Dividing the time sequence curve into the classes with the interval of dt, we can 
estimate the number  n  (t) of earthquakes, or the probability , if divided by the total 
number of earthquakes, is the avarage time interval between two shocks , say  T, if the
 AKI  'A 
 0  CI  A 
 I-JK4u
 U.1  i  io 
 TIME INTERVAL (HOUR) 
Fig. 4(a) Frequency distribution of time intervals between successive aftershocks
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occurrence of earthquakes is at random in this time 
range. Thus the distribution of time intervals is 
obtained from the time sequence cruve. 
   Now the mean time sequence of those at Ogura, 
Kitaura and Fukaura is taken in our case and the 
consideration of statistical fluctuation is neglected for 
simplicity. The distribution of time intervals n(T) 
obtained is represented in Fig. 4 (b) with doubly 
logarthmic scale. As is seen in this figure, the curve 
has an upward concave curvature, instead of a straight 
line for the  TOMODA'S formula (4) corresponding to 
the modified  OMORI's formula. This can qualitatively 
interpret that the observed time interval distribution 
in Fig.  4(a) in the present case is compatible with the 
time sequence curves in Fig. 3. 
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Fig.  4(b) Frequency distribution 
 of time intervals deduced from 
 mean time sequence of Fukaura, 
 Kitaura and Ogura.
   Frequency distributions of S-P time at Kitaura, Fukaura and Ogura are seen in Fig. 
5, which indicates that most aftershocks (about 85%) have the S-P time between 8.5 
and 11.5 second at Fukaura, 8.0 and 10.5 second at Kitaura and 12.0 and 14.0 second at 
Ogura. The hatched parts indicate the aftershocks observed simultaneously at three 
stations or more. These shocks, which take the part of 17% of the whole aftershocks at
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                     Fig. 5 Frequency distribution of S-P times 
Fukaura, 20% at Kitaura, 27% at Ogura, correspond to those whose hypocenters are 
determined by S-P time method. The similarity of hatched part to the whole means 
that the distribution of hypocenters by S-P time, which will be shown in the later 
paragraph, may be considered to represent the general tendency of the aftershocks dur-
ing this period. 
   There were some aftershocks having the S-P time of 5 sec at Kitaura and 8 sec 
at Ogura but they were not observed at Fukuaura. They might not be called after-
shocks but only ordinary local shocks occurring closely to Kitaura.
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6 Magnitude distribution 
   It is well-known that the relation between maximum trace amplitude a and the 
number of earthquakes n(a) is expressed by 
 n  (a)  d  a  k  a-"i  d  a (6) 
where  k and m are numerical constants . If this relation holds at a station, the same 
formula should hold with regard to the distribution of the maximum amplitudes at 
the hypocenter, or a measure of magnitude , the numerical value of the exponent m 
being kept identical. Equation (6), therefore, directly indicates the magnitude distribu-
tion. (MATUZAWA 1941,  Suzum 1953) The exponent m obtained in many cases of 
aftershocks as well as other big and small earthquakes takes the value of about  1.8- 
2.0  (SUZUKI 1954). 
   The frequency distribution of trace amplitudes at Fukaura, Ogura and Akita are 
given in Fig. 6. For Fukaura the classification interval  da is taken to be 53  icV  in 
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6 Frequency distribution of maximum amplitude
recording paper. The frequency distribution at Hachimori and Kitaura are omitted 
because the calibration of magnification was not  sufficiently done. The numerical 
values of k and m in Eq. (6) are calculated by the usual least square method to be 
 Fukaura: m = 2.05 ± 0.10, log k = 5.30 ± 0.22 
 Ogura: 2.20 ± 0.10, 2.19 ± 0.08 
 Akita: 2.14 ± 0.27, 2.60 ± 0.27 
for each station.
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   The exponent m is one of the most important parameters on the occurrence of 
earthquakes and physical interpretation of m will be discussed in future. But it is of 
interest that the magnitude distribution is usual even for a short period of later stage of 
activity, although the time distribution for the same period is apparently different from 
usual cases, as was discussed in the previous paragraph . It is hardly said that the 
value of m differs from each other or from other cases studied hitherto, because the 
total number of aftershocks is not sufficiently large.
7 Determination of hypocenter from P-time 
   A cartesian coordinates X and Y are adopted for the calculation of hypocenter. 
The origin is located at Ogura and X axis is taken so as to coincides with the line con-
necting Ogura and Kitaura, then Y axis is nearly in north-south direction. The 
coordinates of the four stations are given in Table 3. It is a matter of course that five 
stations are necessary to determine a hypocenter from P time . Since our observation
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was made only at four stations, the velocity of P waves must be assumed. We may 
safely adopt the value of 5.80  km/sec under the following considerations. 
   Reseach Group for Explosion Seismology,  J'apan  (MATuzAwA 1959) has made a 
detailed study on the crustal structure in north-eastern Japan. According to the 
result, our assumption is quite reasonable for the epicentral distance concerned. More-
over, even a considerable change in the assumed velocity is proved not to cause any 
essential error in the location of epicenter.
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   P velocity is varied from 5.6 to 7.4  km/sec with the interval of 0.2  km/sec, P times 
at four stations being fixed, then different locations of hypocenter are obtained  corres-
ponding to the each velocity. An example of the variation of hypocenter for various 
P velocities is given in Table 4, which demonstrates that only a few kilometers of 
change in location is resulted from the variation in  velocity as big as 1.8 km/sec. This 
means that the change in assumed velocity mainly affects the accuracy of depth and 
origin time. 
   Fig. 7 and 8 show the distribution of epicenters and the projection of hypocenters 
on the vertical planes of OX and  OY respectively, the velocity being assumed to be 5.80 
 km/sec. Table 5 is the list of data used and numerical results. The focal depths, which 
are not so accurate as the location of epicenter, are distributed within the range of
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 10  km  to  80  km. 
   Some of the calculations give unreasonable answers, for example,  extremly deep 
hypocenter or imaginary depth. Such unreasonable results are omitted from the 
figures. The cause of unreasonable results should be due to the error in arrival time at 
station, because it has been already checked that the error in assumed velocity does not 
cause serious effect. The word of "error" here is used in such a sense that the 
observation time is not always erroneous in its original meanimg but it might partly 
include the time effect by superficial structure near station. Now we will check the 
accuracy of location based on the  error in arrival time, taking the value of error to be ± 
0.1 sec as a standard. There are so many ways to share this error into four stations 
that the following two  cases are considered for examples. 
   1) the case where the arrival times at Kitaura and Fukaura include the error of 
±0.1 second and the times at other stations are correct. 
   2) the case where the error exists only at Ogura. 
The calculation was made for three typical earthquakes of rather close, medium and 
distant aftershocks, the distances from Ogura being 50, 80, and 120 km respectively. 
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 Fig. 9 Deviations of hypocenter when error in arrival time at Kitaura, Fukaura 
               and Ogura are thought to be ±0.1 sec. 
                  Open circles indicate the case (2),and solidcircles the case  (1). 
Fig. 9 shows the differences  SX0,  8170, and  8Z0 of the location of  hypocenter from that 
given in Table 3, which corresponds to the case where the error is neglected. This 
figure indicates that  5X is about ±2 km and ±8 km for close and distant shocks 
respectively, while  8Y0 is about  ±1 km irrespective of the location of aftershocks, and 
also that these results are common in both cases of (1) and (2). 
   The stations in the present case was forced to be situated on one side of epicentral 
region, because the aftershocks occurred in Japan Sea. Under such a condition, it is 
natural that the error in X direction, which is nearly perpendicular to the coast line, 
increases with the distance from the coast, while  8  V, is small and roughly independent 
of the distance.  8Z0 which is not so small in its value as  8V,, is also shown to be 
independent of the distance. This tendency is in opposite sense to the error by 
misassumption of  Vp. 
8 Determination of hypocenter from S-P time 
   The number of aftershocks, whose hypocenters can be determined by P time method, 
is less than 10% of the total shocks observed. S-P times at three stations or more are 
used to estimate the hypocenters of other shocks. Moreover, it has been reported 
(e.g., MIYAMURA 1960) that S-P time sometimes gave a reasonable hypocenter even 
when an unreasonable result was obtained from P. Hence it is of interests in such a 
sense to try S-P time method and compare the result with that from P.







































































List of hypocenters obtained 
     S-P time (sec)
Fuka
 
. Hach.     Ogu.
from S-P time
Hypocenter
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   The value of  OMORI's constant k, i.e., the coefficient connecting hypocentral 
distance with S-P time, must be assumed. The change in hypocenter due to the 
change in  k is checked similarly to the case of P time treated in the previous paragraph. 
 k is changed from 7.50 to 9.10  km/sec with the interval of 0.1 km/sec and it is found 
that the value of  k does not so much affect the location of epicenter, as in the case of P 
time. 
   Table 6 is the numerical results under the assumption of k=8.0  km/sec. The 
distribution of epicenters being given in Fig. 10. Projections of hypocenters onto the 
vertical planes of OX and  0  Y are seen in Fig. 11. Both figures show that the distribution 
of hypocenters by S-P time is similar to that by P time.
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times at three stations of Fukaura, Hachimori and Ogura, or, 
and Hachimori are used, unreasonable solutions are frequently 
combination of three stations of Fukaura, Ogura and Kitaura gives
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many reasonable solutions. This is due to the fact that three stations in the former case 
lie nearly on a straight line but those in latter case are situated so as to make a triangle. 
When earthquakes occur far off the shore, we are liable to set the stations on the coast 
region to make the epicentral distance as close as possible, and accordingly the stations 
are liable to be located nearly on a straight line. This is, however, unfavorable to get 
an accurate hypocenter and at least one station should be situated rather inland.
9 Other results 
   The observation by tripartite station method gives an independent information 
about the hypocenters.  AKI  (1962) has tried to determine the hypocenter based on 
the triparitie observation at a point. The observation gives the apparent velocity and 
the direction of approach of P wave. Connecting them with S-P time, the hypocenter 
can be determined, if the crustal structure is known. Now we assume the crustal 
structure with P wave velocity of 5.80  km/sec according to the Research Group for 
Explosion Seismology. Solid circles in Fig. 12 show the epicenter thus obtained from 
the tripartite observation at Fukaura, an oblique line in the figure indicating the 
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 Fig  12:  Aftershock domain estimated from  Fukaura. tripartite observation (shadow 
              zone), iso-P time curves and iso-apparent velocity lines are shown. Solid
 circle is hypocenter determined by this method. 
   The above results demonstrates that the tripartite method  is useful for accurate 
determination of hypocenter, although it has not satisfactorily done in the present case 
because of some defect of instrument. 
   The epicentral distribution shown  in Figs. 7, 10 and 12 indicates two important 
facts. One is that the main shock occurred at an edge of epicentral region. Similar 
result has been frequently pointed out by MATUZAWA (1964) in many cases of aftershocks.
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He has shown that this is an important clue for the mechanism of occurrence of 
earthquakes. 
    Another interesting fact is about the area of aftershock region.  UTSU and SEKI 
(1955) have found the relation between the area of aftershock region A (km2) and the 
magnitude of main shock M. Their relation is wirtten as 
 log  A =  1.02  M  —  4.01 (7) 
The area A in the present case is calculated to be  1.1  x  103km2 by this formula, since M 
is 6.9. On the other hand, A is also estimate from Figs 7 and 10 to be  A  2  x  103 km2. 
The validity of  UTSU-SEKI'S relation, therefore, is proved in present case, too. 
10 Conclusions 
   Four temporary stations were set up for the observation of aftershocks of the 
Oga Earthquake, north Honshu, Japan on May 7, 1964. Two tripartite nets were also 
installed at two stations to get additional informations for the determination of 
hypocenter. Statistical characters of the aftershocks, as well as the distribution 
of hypocenters and its accuracy, were studied in comparison with the results obtained 
in other cases of aftershocks. The observation at Akita L.M.O., which represents the 
general activity of aftershocks for a long period, was compared with our results obtained 
for a short period. 
   Main results are summerized as  follow: 
    1) The time distribution of aftershoks at Akita L.M.O. shows an usual character, 
which followed to the modified  OMORI'S formula for decrease in number with time 
lapse and to the TOMODA'S formula for the distribution of time intervals between two 
successive shocks. The numerical values of parameters in the above distributions 
are also usual. 
   2) The time  distribution of shocks observed at our temporary stations are dif-
ferent from that at Akita. However, it is proved according  to a similar considera-
tion to usual cases that this apparent difference is interpreted by the fact that the 
period of our observation was short and the time of observation was rather late when 
the activity was dying out to a stationary. 
   3) It is interesting that the magnitude distribution at Akita and temporary sta-
tions are identical in its functional form and the numerical value of parameter, in spite 
of the apparent difference in time distribution mentioned  above. 
   4) In such cases that observation stations are forced to  be located one sidedly, 
the assumption of P wave velocity does not cause any essential deviation in the 
calculation of epicenter from P times at four stations. This is also the case of  k in the 
calculation from S-P times at three stations. The observational error or the near 
surface effect on arrival time causes a considerable deviation in the calculated epicenter, 
especially for rather distant shocks. 
   It is useful for the accurate determination of  hypocenter to set at least one station 
in land besides the stations on the coast.
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   5) The main shock took place at an edge of aftershock region, as has been pointed 
out by MATUZAWA. UTSU-SEKI'S formula connecting the area of aftershock region and 
magnitude of main shock holds well in the present case. 
   In conclusion, our group are much obliged to the Akita Local Meterological 
Observatory, Japan  Meterological Agency, who kindly permitted us to use  their data. 
Our thanks and appreciation is due to Minig College, Akita Univercity, especially Prof. 
K.  NORITOMI, for the helpful assistance during our observation. We also appreciate 
many people around the temporary stations, especially the members of Fukaura 
Meteorological Observatory, Japan Meteorological Agency and of the  Hachimori middle 
school, for their kindness in setting up the stations.
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